against avian strains with pandemic potential is an important public-health strategy. Either 1 or 2 10 7 -TCID 50 doses of H9N2 LAIV A/chicken/Hong Kong/G9/97 were administered intranasally to 50 adults in isolation; 41 participants were H9N2 seronegative, 24 of whom received 2 doses. The vaccine was well tolerated; vaccine shedding was minimal. After 2 doses, 92% of H9-seronegative participants had 4-fold increases in hemagglutination-inhibition antibody, and 79% had 4-fold increases in neutralizing antibody; 100% had responses detected by at least 1 assay. Although replication of the H9N2 LAIV was restricted, 2 doses were immunogenic in H9N2-seronegative adults.
NOTE. HA, headache; LRI, lower-respiratory-tract illness; NW, nasal wash; OM, otitis media; rRT-PCR, real-time reverse-transcriptase polymerase chain reaction; SI, systemic illness (defined as chills and/or myalgias in more than 1 muscle group); URI, upper respiratory tract illness (rhinorrhea).
a Infection after immunization with the H9N2 G9/AA ca reassortant vaccine was defined as (1) shedding of vaccine virus detected by culture and/or (2) shedding of vaccine virus detected by rRT-PCR, at any time after study day 1 and/or (3) 4-fold increase in serum HI or in either neutralizing or H9 IgG antibodies. Participants whose NW specimens were positive by rRT-PCR on study day 1 only but who did not have evidence of infection were not considered to be infected, because this occurred frequently and we could not exclude the possibility that input virus was being detected. ness. Those who were ill or uncomfortable with the isolationunit procedures were discharged without being vaccinated. On day 0, each participant received 0.5 mL of vaccine administered as nose drops. Clinical evaluations were performed [6] and nasal-wash (NW) specimens were obtained before vaccination and then daily until the participant was discharged. In the event of respiratory or febrile illnesses, NW specimens were cultured for other respiratory viruses [5] .
Discharge of a participant was contingent on absence of vaccine virus, as determined by real-time reverse-transcriptase chain reaction (rRT-PCR), from NW specimens obtained for 3 consecutive days before discharge. No participant was required to stay in the isolation unit longer than anticipated.
Participants returned to the clinic on days 21, 28, and 42 after administration of each dose, for clinical assessment and to provide blood samples and NW specimens (days 28 and 42 only) for antibody testing.
NW specimens were tested for vaccine virus by quantitative culture [6] and by a modified rRT-PCR assay that amplified a portion of the influenza A M2 gene [7] . The Nuclisens Mini-MAG system (bioMerieux) was used for RNA extraction. The sensitivity of the rRT-PCR was ϳ10 1 TCID 50 /mL. Sera were tested for H9N2 HI antibodies, by use of turkey red blood cells [6] , and for neutralizing antibodies, by a modified microneutralization assay [8, 9] ; those with anti-H9 HI antibody titers Ͼ1:8 were considered to be H9 seropositive. IgG antibody to recombinant H9 G1 HA was measured by ELISA [6] . NW specimens were concentrated [6] and then were tested by use of the same antigen, to measure vaccine-specific IgA by ELISA [6] .
Results. Of 134 participants who were screened, 50 were vaccinated; 23 received 1 dose of vaccine, and 27 received 2 doses of vaccine. Of the 50 participants who were vaccinated, 41 were H9 seronegative, and 24 of them received 2 doses of vaccine. Data from H9-seropositive participants are reported separately from those from H9-seronegative participants.
Of the 9 H9-seropositive participants, 3 received 2 doses of vaccine. After administration of dose 1, 3 participants (33%) reported headache and 1 reported myalgia; after administration of dose 2, 1 participant (11%) reported headache and myalgia (all cases of illness were grade 1; see table 1). Vaccine virus was not recovered by culture but was detected by rRT-PCR on day 1 in 2 participants (22%) after administration of dose 1 and on day 1 in 1 participant (33%) after administration of dose 2 (table 1) . Of the 6 participants who received only 1 dose, 1 had 4-fold increases in neutralizing antibody and in NW IgA antibody to H9 HA (table 2) . Of the 3 participants who received 2 doses, 1 (33%) had a 4-fold increase in serum IgG antibody titer after administration of dose 2 (table 2). When the response to dose 1 and the response to dose 2 are considered together, 1 participant (33%) had a 4-fold increase in serum HI antibody titer and 2 each (66%) had a 4-fold increase in neutralizing-antibody titer, in serum IgG antibody titer, and in nasal IgA antibody titer (table 2). In each of the 3 H9-seropositive participants (100%) who received 2 doses, an antibody response to the vaccine virus was detected by at least 1 method (table 2) . H9N2 G9/AA ca was well tolerated in the 41 H9-seronegative participants. After administration of dose 1, the following minor (severity grade 1) illnesses were observed: a single day of lowgrade fever in 1 participant (2%), rhinorrhea in 4 (10%), conjunctivitis in 1 (2%), cough in 1 (2%), myalgias (systemic illness) in 3 (7%), and headache in 10 (24%) (table 1). After administration of dose 2 (to 24 H9N2-seronegative participants), 3 (13%) reported headache, and 1 (4%) had an episode of epistaxis.
Replication of H9N2 G9/AA ca was significantly restricted in H9N2-seronegative participants (table 1) . After administration of dose 1, 2 participants shed virus that was detected, at titers of 10 1.25 and 10 0.75 TCID 50 /mL of NW specimen, by culture on day 1. After administration of dose 2, vaccine virus was not detected by culture. Vaccine virus was detected by rRT-PCR in 15 participants after administration of dose 1 (in 14 participants on day 1 and in 1 participant on days 1 and 2) and in 2 participants after administration of dose 2 (in 1 participant on day 1 and in 1 participant on day 2).
Although its replication was significantly restricted, H9N2 G9/AA ca induced antibody responses in all participants who received 2 doses of vaccine virus (table 2). After administration of dose 1, HI antibody responses were detected in 29% of H9-seronegative participants, neutralizing antibody responses were detected in 24%, serum IgG responses were detected in 12%, and a NW IgA response was detected in 2%; antibody responses were observed in a greater proportion of participants after administration of dose 2 (table 2) . When, in the 24 H9N2-seronegative participants who received 2 doses of vaccine virus, the response to dose 1 and the response to dose 2 are considered together, 4-fold increases in serum antibody titers were detected in 92% by HI assay, in 79% by microneutralization assay, and in 50% by IgG ELISA; 100% had responses detected by serum HI and/ or neutralizing-antibody assays (table 2), 42% developed HI antibody titers of 4.0 log 2 (1:16), and 38% had titers 5.0 log 2 (1:32).
Discussion. In the present study, which is the first clinical evaluation of LAIV containing avian HA and NA, the A/chicken/ Hong Kong/G9/97 (H9N2) LAIV was well tolerated and immunogenic, inducing 4-fold increases in either HI or neutralizing antibody in 100% of H9-seronegative individuals after they had received 2 doses of vaccine.
The present study of a H9N2 LAIV follows 3 previous studies of vaccines of inactivated H9N2 influenza. In the first of those studies, serum HI antibody titers 1:40 were achieved in ϳ70% of 18 -60-year-old subjects who received 2 doses of whole-virus A/HK/1073/99 H9N2 vaccine administered with or without alum [10] . In the second study, 2 doses of whole-virus or subunit-A/HK/1073/99 H9N2 vaccine containing 7.5-30 g of HA were administered, without adjuvant, to 18 -60-year-old sub- jects. When the analysis was stratified by age, it was apparent that individuals born after 1968 would require 2 doses of either vaccine and that even this treatment would not fulfill all Committee for Proprietary Medicinal Products criteria for licensure [4] . A third study evaluated a subunit H9N2 G9 influenza vaccine administered, with or without MF-59, at doses of 3.75-30 g of HA [9] . That study, which enrolled participants born after 1970, found that addition of MF-59 yielded HI antibody seroconversion rates of 75%-92% after administration of 1 dose of vaccine and 92%-100% after administration of 2 doses. Thus, the seroconversion rate after injection of 2 doses of the MF-59 -adjuvanted vaccine was comparable to that observed after administration of 2 intranasal doses of H9N2 G9/AA ca. Although the HI antibody titers were higher in recipients of the MF-59 -adjuvanted vaccine, this result does not necessarily indicate that the inactivated vaccine would afford better protection than does LAIV, because (1) the latter typically induces lower titers of serum antibodies than does the former [11] and (2) LAIV-induced protection is presumed to be mediated by induction of a variety of immunological mechanisms, including local antibody and cellular immunity [11, 12] . Additionally, ϳ30% of participants in the study of MF-59 vaccine were H9 seropositive. Because the analysis was not stratified by H9 serostatus, immunologic priming may have contributed to the antibody titers achieved [4] . There were several unexpected findings in the present study. Although we restricted enrollment to individuals born after 1968, we found that 30% were H9 seropositive, a rate comparable to that seen in a study of H9N2 G9 -lineage inactivated-virus vaccine administered to subjects born after 1970 [9] . These data suggest that recipients of experimental H9N2 influenza vaccines should be screened for the presence of preexisting H9 HI antibody.
We also did not anticipate the dissociation between detection of the vaccine in NW specimens and induction of antibody response. When monovalent influenza A/AA ca viruses are administered, vaccine virus can be recovered, by culture, from 40%-80% of individuals who are naive to the given influenza subtype, and the mean peak titers are 10 1.5 -10 3.0 TCID 50 /mL of NW specimen [13] . In the present study, low titers of vaccine were detected by culture in 5% of H9 influenza-naive individuals after administration of 1 dose (table 1) . Even when NW specimens were tested by rRT-PCR, vaccine virus was detected in 37% of H9-seronegative individuals after administration of dose 1 and in 8% after administration of dose 2 (table 1) . Because all but 2 of these rRT-PCR-positive specimens were obtained on day 1 of the study, we cannot exclude the possibility that we were detecting input virus.
Included among several possible explanations for the significantly restricted replication of the H9N2 G9/AA ca vaccine virus are the following: (1) preexisting antibody to the human N2 NA cross-reacted with the avian N2 NA and decreased replication of vaccine virus; (2) preexisting cytotoxic T cell responses to internal viral proteins hastened viral clearance [14] ; and, most likely, (3) the constellation of the avian influenza HA and NA genes combined with internal protein genes from a human influenza virus resulted in a vaccine with a host-range-restricted phenotype for humans.
Our inability to detect replicating vaccine virus raises the possibility that the immune responses that we observed are related to the intranasal deposition of HA protein. However, 2 10 7.0 TCID 50 doses of H9N2 G9/AA ca vaccine are calculated to contain 0.4 g of HA, on the basis of the HA-trimer-formula weight, the number of trimers per virion, and an estimate of the noninfectious/infectious ratio, the latter of which was derived from a comparison of transmission-electron-microscopy particle counts and virus titration. In a previous study, when ϳ40 -160 times the amount of HA was administered intranasally via an inactivated virus vaccine, a serum HI antibody response was observed in only 5%-48% of individuals [15] . Moreover, if the antibody response to vaccine in the present study had been induced by nonreplicating antigen, then a booster response should have been observed in H9-seropositive individuals, which was not the case. Thus, it is likely that the observed immune responses resulted from replication of H9N2 G9/AA ca vaccine virus at a level below the level of detection of the assays used and that they were not related to deposition of nonreplicating virus.
In summary, the present study found that 2 doses of H9N2 G9/AA ca vaccine are well tolerated and immunogenic when administered to H9-seronegative individuals, although replication of the vaccine virus is significantly restricted. The results of the present study suggest that development and evaluation of live attenuated influenza A/AA ca vaccines containing novel avian HA and NA of pandemic potential should be continued.
